INTRODUCTION
The term personality encompasses a multitude of ideas, with a recent view being that personality is a dynamic organisation, inside the " person, of psychophysical systems that create a person s characteristic patterns of behaviour, thoughts, and feelings ( ). While the hypothesis ' " 1 that personality influences physical health is centuries old, an important stimulus for large-scale research was the seminal work by Friedman and Rosenman in the late 1950s ( ). They found cardiovascular diseases, the leading cause of mortality in Western countries, to be more 2 common among time-pressured, competitive, aggressive and hostile persons: individuals with what they labelled Type-A behaviour pattern (TABP). Prospective investigations in the 1970s, such as the Western Collaborative Group studies ( , ) and the Framingham Heart study ( ), 3 4 5 provided further support for TABP as a predictor of coronary heart disease (CHD).
Subsequent failure to replicate these findings in the 1980s ( ) focused interest on hostility as the toxic component of TABP. Hostile 6-8
" "
individuals were found to have increased risk of health problems in studies of hypertension ( ), CHD ( , , ), subclinical atherosclerosis 9-11 4 12 13 ( ), myocardial infarction ( , ), and all-cause mortality ( , ). However, null findings have also been reported ( ) and two recent 14 15 16 12 15 17 systematic quantitative reviews ( , ) have concluded that there is no consistent evidence showing hostility to be a risk factor for 18 19 cardiovascular disease or all-cause mortality.
TABP and hostility have been by far the most extensively studied personality constructs in health research, but a number of other conceptualisations have also been developed. The personality-disease theory proposed by Grossarth-Maticek and Eysenck ( ) in the 1980s 20-23 is important as it aims to cover a more comprehensive set of health outcomes than TABP and hostility. The theory proposes six personality types, i.e. cancer-prone, CHD prone, ambivalent, healthy, rational and antisocial, that are each hypothesised to predict a particular disease or long-term health outcome. To date, however, empirical evidence to support the theory is still relatively limited, consisting of the original studies by Grossarth-Maticek and Eysenck ( , , ) and a few other studies ( , ) . 20 23 24 25 26
There is a need for further research on personality and physical health. A major limitation in most examinations of this association is that they focus only on one or two personality traits without examining the role of other traits. Despite different labels, personality constructs from various conceptual models may overlap in their content. Thus, it remains unclear if some personality traits are independent predictors of health while others are redundant. For example, hostility and CHD-prone personality type are both assumed to be associated with cardiovascular disease risk, but to our knowledge, no previous studies have determined whether they are uniquely associated with cardiovascular disease. Such information would be important in refining more parsimonious models of personality and health ( ). 27
Personality
The personality test battery used in this study, except for the Type-A scale, was previously validated on 408 randomly selected participants of the GAZEL study ( ) and was then administered to all participants from 1 February to 31 The Buss-Durkee Hostility Inventory (BDHI) BDHI)
The BDHI is a measure of general aggression and hostility, composed of 66 items with true-false answers ( ). It has seven subscales:
" " 33 assault, verbal aggression, indirect hostility, irritability, negativism, resentment, and suspicion. The sum of all the sub-scales leads to a total " hostility (Cronbach s alpha coefficient ( ) 0.80). Factor analyses of the subscales in the original study ( ) and the validation study ( )
identified two overarching factors, involving an emotional component and a motor component, roughly corresponding to the affective and
behavioural dimensions. Subsequent studies ( , ) have also derived a similar 2-factor solution, described as Neurotic hostility formed by 33 34
the first four sub-scales and Reactive hostility formed by the last two sub-scales, respectively. The reliability coefficients to assess internal
consistency of the scales were: Cronbach s alpha 0.67 for Reactive hostility and 0.71 for Neurotic hostility .
The 
Statistical analysis
Differences in personality scores as a function of sociodemographic characteristics and behavioural factors were assessed using one way-ANOVA, with a linear trend fitted across the hierarchical variables. Differences in mortality were assessed using a chi-square test.
The associations between personality measures and mortality, both all cause and cause-specific, were modelled using the Relative Index of Inequality (RII) ( ). The RII is a regression-based measure that summarises the association between two variables ( ). It is computed by 37 37 ranking the personality score on a scale from the lowest, which is 0, to the highest, which is 1. Each personality score covers a range on this scale that is proportional to the number of participants who had that score and is given a value on the scale corresponding to the cumulative midpoint of its range. The RII resembles relative risk in that it compares the mortality at the extremes of the personality score but it is estimated using the data on all personality scores and is weighted to account for the distribution of the personality scores. Here the RII was fitted using
Cox regression. An RII of 2 indicates a doubling of the risk of mortality for individuals at the extremes of the personality score. The Cox regression was first adjusted for age and sex (model 1) and then additionally for educational level and marital status (model 2). Personality traits that were associated with mortality in model 1 were entered simultaneously into a model containing the socio-demographic variables (model 3). Finally, personality measures that remained predictors of mortality outcomes, even if imprecisely estimated, were selected for further analysis in order to explore the role of potential behavioural mediators. Missing values from these behavioural factors reduced slightly the sample size. We modelled age-and sex-adjusted associations for each personality predictor before and after controlling for the behavioural factors and calculated the percentage change in RII.
Despite the nearly 13-year follow-up the analysis was underpowered to allow sex specific analysis. Thus, as previously suggested ( ), 13
interactions between each personality item with sex in relation to mortality were checked, leading to sex-specific analyses only when the p value for the interaction (< 0.05) suggested clearly different associations in men and women.
RESULTS
In 1993, the personality inventory was mailed to the 20 448 living members of the GAZEL cohort. A total of 14 445 (70.6 ) participants Table 1 Personality and all-cause mortality shows the associations between personality measures and all-cause mortality. Type-A behaviour was found to be inversely related Table 2 to all-cause mortality in age and sex adjusted models but subsequent adjustment for educational level and marital status attenuated this of the two BDHI neurotic and reactive hostility subscales, it is only the neurotic hostility component that had an association with all-cause
mortality (RII 2.20; 95 CI: 1.65 2.93). Of the six personality types derived from the Grossarth-Maticek and Eysenck PSI, CHD-prone
personality was associated with mortality, but only in men (RII Anti-social personality type remained strongly associated with this type of death, but with a wider confidence interval (RII 2.14; 95 CI:
0.69 6.58).
-

Role of behavioural factors ( ) table 6
Personality measures that were associated with mortality outcomes in the analyses so far were examined further for the role played by behavioural factors. These analyses are on slightly smaller numbers due to missing data on behavioural factors and the results show that, the association between neurotic hostility and all-cause mortality (RII 2.16; 95 CI: 1.60 2.91) was reduced by 12.1 when adjustment was
made for behavioural factors. The association between CHD-prone personality type and CVD mortality (RII 3.18; 95 CI: 1.33 7.58) was
reduced by 6 . Finally, the association of neurotic hostility (RII 3.88; 95 CI: 1.34 11.27) and anti-social personality type (RII 2.98; 95
CI: 1.00 8.89) with mortality from external causes was also not much attenuated after adjustment for behavioural factors.
% -
DISCUSSION
We sought to determine the association between various personality measures and mortality from all causes and from three leading causes of death in a large cohort of French employees followed for over 12 years. Three different personality models were tested: the Bortner Type A behaviour pattern, the Buss-Durkee Hostility Inventory, and the Grossarth-Maticek and Eysenck six personality types. After adjustment for demographic characteristics, a number of personality measures were associated with all-cause and cause-specific mortality. However, after mutually adjusting personality traits for each other, only neurotic hostility remained associated with all cause mortality and mortality from studying the associations of multiple personality models with all-cause and cause-specific mortality. The finding that only few of the observed associations between personality and mortality remained in mutually adjusted models suggests that there is a substantial empirical overlap in the content of the various personality constructs considered in this study.
In order to test whether behavioural mechanisms underlie the associations between personality and mortality ( ), we adjusted the analyses 15
for the effects of smoking, alcohol consumption and BMI. The marginal reduction in mortality risks after this adjustment (12 at best) suggests % that the effects of personality on mortality were not primarily mediated through behavioural factors examined in this study. This stands in contrast with the Kuopio Ischemic Heart Disease Risk factor (KIHD) Study ( ) which concluded that behavioural risk factor were important 15 mediating factors in the associations between cynical hostility and mortality and myocardial infarction. In that study, the percentage reduction in the association with mortality from cardiovascular causes was estimated to be around 32 after adjustment for behavioural factors. The % smaller contribution of behavioural factors to the associations of neurotic hostility , CHD-prone personality and antisocial personality with
mortality in our study could be related to the fact that there was little evidence of an association between these personality factors and smoking and BMI ( ). Imprecision in measurement of behavioural factors is a potential source of bias here. For example, the lack of difference in table 1 all cause mortality between participants with different BMI was unexpected. However, the difference with the KIHD study could also be due to differing cultural norms on health behaviours.
The association of neurotic hostility with all-cause mortality could reflect its association with other categories of mortality, such as " " external causes and marginally, CVD mortality. Persons with an angry and resentful interpersonal style are likely to experience a more taxing environment involving a greater number of stressful life events, such as job-related, financial and interpersonal stressors, than non-hostile individuals. These and other stressors may put them at excess risk for adverse health outcomes ( ). A study on the GAZEL cohort has shown 44 low level of social integration to be associated with an increased risk of mortality from external causes ( ). Stressful life events, in this cohort, 45
were also associated with 4 times more risk of serious road traffic crashes ( ). 46
Our results show both neurotic hostility and CHD-prone personality to be strongly associated with CVD mortality when modelled
separately. However, when they were simultaneously entered in the same model, the effect of neurotic hostility largely disappeared (79 " " % reduction), suggesting a strong and unique predictive power of the CHD-prone personality for CVD mortality. According to
Grossarth-Maticek and Eysenck s conceptualisation CHD-prone individuals were more likely to experience anger, aggression, and arousal
when faced with relational problems ( ). These characteristics may induce pathophysiological changes which may increase the risk of cardiac 20 morbidity and mortality, including autonomic nervous system dysfunction (e.g., elevated heart rate, low heart rate variability) or accelerated progression of atherosclerosis. We were not able to test this psychophysiological reactivity model as biological factors were not measured in the GAZEL cohort.
Finally, we found anti-social (type 6) personality to be associated with mortality from external causes. This association is highly plausible
as anti-social individuals by their psychopathic, impulsive, rebellious and hostile behaviours ( ) may be more likely to have low social 20 support, higher interpersonal distress and more stressful life events. They are also considered to have dispositions towards criminal behaviour and drug addiction ( ), which may contribute to mortality from external causes. Both suicidal ideation and attempts have been found to be 20 positively associated with alcohol and drug problems, depression, low social and family supports ( , ). 47 48
Limitations
Interpretation of these findings should be considered within the context of the study objectives, the measures of personality used. First, all comparisons in the predictive strength between personality traits should be interpreted with caution, as the operationalization of these concepts may not be equally successful in every case. Secondly, our study did not cover all personality traits, including several aspects of the big five factors of personality ( ) or optimism and pessimism ( ). Third, a further caveat relates to the fact that although GAZEL is not a high risk 49 1 population, it is also not representative of the general population as it does not include unemployed individuals.
Public health relevance
There is a general consensus on the relative stability of personality in adulthood ( ), requiring some reflection on the public health 50 rationale for examining the association between personality and health. Our view on the matter is that research in this domain has the potential to contribute to more effective public health interventions by providing detailed information on the mediating and modifying factors in the relationship between personality and health. Health educational programs may incorporate personality issues with the purpose of encouraging individuals to recognize the effects of certain traits and related-emotions that could put them at risk for health problems. For example, anger in patients with a history of hypertension or angina is known to contribute to new cardiac events ( ) and advice on alternative methods for 51
dealing with impatience, frustration, and anger could be provided to cardiac patients at risk. Thus, the emphasis in prevention strategies is not
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on an individual s personality, but on the important processes through which personality is associated with health risk. In order to develop ' informed prevention strategies, further research is required to identify underlying mechanisms, particularly those that are modifiable, to explain the association between personality and objective health outcomes.
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